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METHOD OF PRODUCING S'I‘OICIIIOMETRIC MG-AL 
SPINEL CRYSTALS FOR INTEGRATED CIRCUITS 

Considerable advantages have been seen for solving insula 
tion problems in integrated circuits by epitactically 
precipitated semiconductor layers on highly insulated 
monocrystalline substrate layers. The use of sapphires or 
spinel as substrate layers is known. Several factors speak for 
the use of spinel. In contrast to sapphires they have the same 
cubic lattice symmetry as silicon. Furthermore, they are not 
very hard, so that they are easier to process. The disad 
vantages of spinel, which is produced in accordance with the 
Vemeuil method, is its dissociation during the cooling process 
in the Vemeuil furnace and subsequent temperature treat 
ments. Up to now, monocrystalline spinel can be industrially 
produced at a mixing ratio only of MgO/Al20a of 1:2 to 1:4. 
These spinel which are rich in alumina are strongly tensioned. 
After cooling in the Verneuil furnace, they are in a state of 
preprecipation. During a subsequent heat processing which is 
necessary during annealing and epitactic coating, this 
preprecipation via a metastable intennediate structure leads 
to final precipitations of A1203. These ?nal precipitations 
occur mainly at the surface and may therefore cause, in the 
grown semiconductor layer, stability failures, twin formations 
or even a polycrystalline degenerated growth. These A120,, 
seeds prefer to form inside the crystal at the optically visible 
places and produce, thereby, an additional tension in the sub 
strate discs. 
The present invention relates to a method of producing 

spinel crystals of stoichiometric composition, free of 
precipitation and tension. more particularly of substrate 
wafers, to be used in the production of epitaxial layers com 
prised of semiconductor material, according to the so-called 
Verneuil method, whereby ?nely distributed Mg-Al spinel 
powder is contacted with the heated or molten dome of a car 
rier crystal caused to cool and crystallize upon the dome and 
removing the carrier crystal from the heated zone, according 
to the solidi?cation speed. 
We use an alumina-rich spinel crystal as a carrier crystal. 

The crystal grown upon the latter is produced along its length, 
by changing the mixing ratio of MgO/Al20;l to a stoichiometric 
combination of the desired spinel crystal, whereby slight addi 
tions of Ti02 are added during the growth process to the spinel 
powder provided. 
The method of the invention affords the opportunity to 

produce by mechanical or thermal processes, stable Mg-Al 
spinel which, because of their highly insulating properties, can 
be used as substrate bases for the production of epitaxial 
semiconductor semiconductor materials. 
Due to their high melting temperatures (approximately 

2,100“ C.) only spinel produced according to the Verneuil 
method can be used today for the above-indicated purpose. As 
it was not possible, heretofore, to produce in accordance with 
said method, the thermally stable alumina~poor deprived 
spinel at a size required with sufficient mechanical stability, 
only the aluminal-rich spinel could be used as substrate wafers 
because of their good mechanical stability. However, they are 
very unstable with respect to heat processing. According to 
previous experiences, the alumina-rich substrate wafers dis 
sociate during heat treatments, and this disturbs the epitactic 
growth process of semiconductor materials and consequently 
considerably disturbs the electrical properties of the layers. 
This problem was solved by the method of the present inven 
tion, and alumina—poor Mg-Al spinels or spinel crystals with 
stoichiometric combination are now also available for epitac 
tic growth processes. 
A further development of the invention is to use a Mg—-Al 

spinel crystal, composed approximately of Mg0/Al203 at a 
ratio of l:3.l as a carrier crystal. 

It is also possible according to the invention, to select a 
processing method whereby the A1203 content of the provided 
spinel powder diminishes gradually up to a stoichiometric 
composition. According to a particularly preferred embodi 
ment of the present invention, it is advantageous to adjust, at 
?rst, a mixing ratio of MgO/Ah?a of 1:3.1 then a mixing ratio 
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of l:2.5 and 1:1.7 and, ?nally, a mixing ratio of H. The last 
stage of the growth process then corresponds to the 
stoichiometric composition of the desired spinel crystal. 

It lies within the framework of the invention to add small 
amounts of TiO,, to the spinel powder. An addition of about 0.1 
percent Ti02 was found to be particularly advantageous. This 
slight addition of Ti02 to the original material helps to diminish 
the tension in the grown Mg-Al spinel crystals still further. 

If necessary, the section of the grown spinel crystal can be 
separated from the remaining spinel crystal, including the car 
rier crystal, following the growth process and can be used 
directly as a substrate material for epitactic growth processes. 
The original crystal seed can be used again as a carrier crystal 
seed for a new production process, after having been 
separated from the pulled crystal. 
The method of the present invention is particularly well 

suited for the production of spinel crystals which are used as 
substrates for epitactic precipitation of semiconductor materi 
als, particularly of silicon. The integrated circuits produced in 
these silicon layers are characterized by particularly stable 
and good electrical characteristics. 
The invention will be described with respect to the drawing, 

in which: 
FIG. 1 shows a crystal produced according to the invention; 

and 
FIGS. 2 and 3 show apparatus for producing such crystal. 
FIG. I shows an Mg-AI spinel crystal, produced according 

to the method of the present invention. Region 30 represents 
an alumina-rich Mg—AI crystal of composition I23. l , used as 
both a carrier crystal and as the first layer, precipitated 
thereon which has the same composition. Region 31 is 
precipitated upon region 30 by using a spinel powder with a 
composition of l:2.5. Region 32 of the grown crystal cor 
responds to a powder composition of l:l.7 and region 33 
represents the stoichiometric composition of Mg0/Al,03 at a 
ratio of 1:1. 

FIG. 2 schematically illustrates a Vemeuil apparatus which 
is also used for other crystal growth processes, such as growing 
synthetic rubies. The funnel 1 holds the vibrating box 2 con 
taining the original material 6, provided for the particular sec 
tion to be produced and comprised, for example of a ?ne 
grained Mg-Al oxide powder of an initial composition ratio 
1:3.l, followed by 112.5, then 121.7 and ?nally lzl. The parti 
cle sizes are smaller than 70 pm. The material is obtained by 
heating for approximately 2 hours in a quartz boat, ammonia 
aluminum-alum and Mg-Al sulfate, at l,200° C. A metal 
sieve 3 (mesh size around 80 pm.) is at the bottom of the 
vibrating box 2. The sieve is clamped on a ring (not shown), 
which can be screwed upon the vibrating box 2. A hammer 4 is 
mounted above the funnel l and is operated by a cam 5, 
driven by a motor. The hammer knocks against the vibrating 
box 2 ?lled with oxide powder 6, 60 to 120 times per minute. 
The ?ller neck for the respective powder mixture is seen at 28. 
A burner 7 is installed below the funnel 1. Oxygen, which 
flows in at arrow 8, is supplied to funnel I while hydrogen, 
?owing in at arrow 9, is delivered directly to the burner 7, 
through bores 20 which are also present in the burner pipe. 
The burner 7 protrudes somewhat with its mouth I7, into a 
cylindrical furnace 10, encased in an aluminum sheet 11. The 
furnace is approximately 250 mm. high, with an outer diame 
ter of approximately 250 mm. and an inner diameter of 40 
mm. and is sealed on the top with a cover plate 21 and on the 
bottom with plate 22 of aluminum. 
The furnace 10 has an observation hole 13, through which 

the processes going on inside can be observed. To avoid impu 
rities and to adjust the optimum thermal insulation, the fur 
nace is lined with a casing 12 of ?re-resistant ceramic adjusted 
to the diameter of the furnace. The space between the furnace 
jacket and the casing is ?lled in with loose sintered degussit 
granules or with a ?rebrick mass 23 with good heat insulation 
and a thickness of 100 mm. The crystal holder 14 (a small rod 
or pipe of sintered alumina, degussit or spinel crystal) extends 
from below into the furnace and is mounted upon the spindle 
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of a gear block 15 which is movable in the perpendicular 
direction. The gear block serves for removing the grown 
crystal, and is either hand or motor operated. 
At the onset of the process, a carrier seed crystal 30 com 

prised of an alumina-rich spinel (113.1) is mounted upon the 
crystal holder 14 and heated by the oxyhydrogen ?ame. Oxide 
powder 6, from the vibrating box 2, is delivered ?rst at a com 
position of 1:13.! through the shacking funnel 18, which is ad 
ditionally installed into funnel 1 to ensure control of a uniform 
powder supply to the oxyhydrogen ?ame and melted. 
Shacking funnel 18 is also sealed by a metal sieve l9 ( l60 um. 
mesh width). After a short time, the ?rst section, also in 
dicated as 30 in HO. 1, of the spinel rod 16, is obtained at ap 
proximately 1,950“ C. The spinel is then permitted to continue 
its growth, if possible with a constant ?ame and a uniform 
powder supply, but with an alternating composition, until of 
desired length. In order to prevent the crystal from growing 
into the ?ame, the latter is lowered in accordance with its 
growth increase, and with the aid of a gear 15, at a pulling 
velocity of about 5 mm./hr. When the crystal reaches the 
desired composition or the stoichiometric composition, the 
powder supply is interrupted and the crystal holder 14, 
together with the grown crystal 16, comprising the four zones 
30, 31, 32, 33, is removed from the heating zone of the Ver 
neuil furnace, with the aid of the drive, either after the ox 
yhydrogen ?ame has been turned off or while the ?ame is 
burning. The transport and the composition of the reaction 
gas was effected according to known methods and based on 
the growth of synthetic rubies. 
The re?lling of the powder with small alumina contents, 

into the vibrating box 2 is effected by means of a device which 
is shown in the upper portion of H6. 3. By opening the upper 
clamp 24, the powder falls from the storage ?lling funnel 25 
into the ?ller tube 26. When clamp 24 is closed and clamp 27 
opened, the powder to be re?lled arrives, via the tiller neck 28 
into the vibrating box 2. It is preferred not to add more 
powder of a specific composition, than is required for the buil 
dup of a layer. The individual stages can be grown, with the 
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aid of the aforedescribed re?lling device, without any dif?cul 
ty and without having to extinguish the ?ame. While the 
powder is changed, only the melting temperature which 
changes slightly according to the composition of the powder, 
has to be considered. The melting temperature of the spinel 
powder rises somewhat with a stoichiometric composition. 
The same reference numerals as in FIG. 2 apply to the remain 
ing portions of FIG. 3. 

I claim: 
1. A method of producing Mg-Al crystals, of a 

stoichiometric composition, and free from precipitation and 
tension, more particularly spinel crystals, which comprises 
bringing divided Mg-Al spinel powder into contact with a 
heated or molten dome of a carrier crystal, and permitting the 
powder to cool and crystallize on said dome, moving the carri 
er crystal out of the heating zone in accordance with the melt 
ing speed of said powder, using as the carrier crystal an alu 
mina-rich spinel crystal, and changing the compositions of the 
crystal growing in accordance with its length by changing pro 
vided mixing ratio of MgO/Al20a to a stoichiometric composi 
tion of the desired spinel crystal and adding slight amounts of 
Ti02 spinel powder supplied during the growth process. 

2. The method of claim 1, wherein an Mg-Al spinel 
crystal, composed of Mg0/Al20a at a ratio of l:3.l is used as a 
carrier crystal. 

3. The method of claim 1, wherein the A1203 content of the 
spinel powder supplied is continuously reduced during the 
growth process, up to a stoichiometric composition. 

4. The method of claim I, wherein ?rst a mixing ratio of 
Mg0/Al,0 is adjusted to l:3.l then a mixing ratio of 122.5 and 
1:1.7 and, ?nally, a mixing ratio of lzl. 

5. The method of claim I, wherein the amount ofTit)2 is ap 
proximately 0.l percent. 

6. The method of claim 5, wherein the diameter of the 
grown spinel crystal et‘luals the diameter of the carrier crystal. 

7. The method of c arm 6, wherein the section of the spinel 
crystal grown, which has the stoichiometric composition, is 
separated from the remaining spinel crystal. 

I! 1O! * * it 


